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Tuesday, February 5, 2013 433aon hydrophobic mismatch. These redistribution events appear to begin about
500 ns after beginning the simulations.
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Pulmonary surfactant is a complex mixture of lipids and proteins lining the
alveolar air-water interface. By lowering the surface tension, pulmonary surfac-
tant stabilizes the respiratory epithelium against physical forces tending to col-
lapse it. Dysfunction of surfactant is associated with respiratory pathologies
such as acute respiratory distress syndrome (ARDS) or meconium aspiration
syndrome (MAS), where naturally occurring inhibitory agents reach the lung.
We have already confirmed the higher resistance to inhibition of preparations
combining pulmonary surfactant and polymers such as hyaluronan (HA) and
the potential use of these additives to design new therapeutic surfactant prepa-
rations. In the present study we have analysed the effect of HA on the structure
and surface behaviour of pulmonary surfactant complexes, in order to investi-
gate the possible mechanism for HA-promoted reactivation. We have observed
significant effects of HA on structural properties such as aggregation of surfac-
tant membranes, or size, distribution and packing of segregated ordered lipid
domains. We have also observed that HA promotes refining of surfactant com-
position, i.e. enrichment of pelletable large surfactant complexes in saturated
phospholipids. Surprisingly, we have detected no apparent direct interaction
between surfactant complexes and HA even though we have observed 100%
of transfer of surfactant complexes into the interface only in the presence of
this polymer. All of these irreversible changes in surfactant structure and
activity are observed only upon pre-exposure of surfactant to polymer con-
centrations at which the polymer forms an entangled meshwork. We propose
that the polymer meshwork is responsible for entropy-mediated changes in
surfactant structure, which may enhance surfactant function and thus resistance
to inactivation.
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Inwardly rectifying potassium channels (Kir) are regulated by multiple factors,
including multiple lipids. In addition to a specific requirement for phosphatidyl-
4,5-bisphosphate (PI(4,5)P2) for channel activity of Kir2.1, analysis of purified
proteins reconstituted into liposomes has revealed a secondary requirement for
non-specific anionic lipids, which increase PI(4,5)P2 sensitivity by ~100 fold
[Cheng et al. 2011, Biophys. J. 100, 620-628]. Recent crystal structures of
eukaryotic Kir channels in complex with PI(4,5)P2 reveal a common PI(4,5)
P2 binding site [Hansen et al, 2011, Nature. 477, 495-498; Whorton &
MacKinnon, 2011, Cell. 147, 199-208], but they have not identified the syner-
gistic anionic lipid site.
We have performed extensive docking simulations to identify potential inter-
action sites of different phospholipids with Kir2.1 channels. These simulations
indicate two distinct binding sites; a high affinity site that corresponds to the
crystallographic PI(4,5)P2 binding pocket and a lower affinity site, involving
two lysine residues further towards the periphery of the cytoplasmic domain,
that may correspond to the secondary anionic lipid site. When the two lysine
residues are mutated to cysteine, channel activity is essentially abolished,
even in the presence of PIP2. Cysteine modification of these residues by
decyl-MTS, which essentially provides a ‘lipid tether’ to the residue, restores
channel activity in the presence of low levels of PIP2. These results point
strongly to the identified site as being the site for non-specific anionic lipid
interaction, and support a model in which the anionic lipid interaction (or ‘lipid
tethering’) pulls the Kir domain towards the membrane, facilitating PI(4,5)P2-
mediated channel opening.
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Transmembrane signaling implies that peripheral protein binding to one leaflet
be detected by the opposite leaflet. Even without involvement of raft lipids we
showed (Horner et. al. Biophys. J. 2009) that, peripheral binding of chargedmolecules (poly-lysine, PLL) to planar lipid bilayers is detected at the other
side. Addition of PLL to both sides of the membrane sandwiched lipids be-
tween two PLL molecules, indicating a formed nanodomain. As the 2dim sur-
face tension between the monolayers is thought to be of comparable size as the
line tension in one of the monolayers, interactions at the membrane midplane
don’t explain the existence of small nano domains. We tested this assumption
by measuring the individual lipid mobility’s in both leaflets of a free standing
planar lipid bilayers and developed a model. The adsorption of a polypeptide
decreased lipid mobility of the adjacent (lower) monolayer. This was revealed
by fluorescence correlation spectroscopy (FCS). Depending on the size of the
polypeptide, lipid diffusion was either slower or faster than that of the polypep-
tide. Although only one lipid type was used in both monolayers, lipid mobi-
lity’s were not equal. The polypeptide decelerated lipid movement in the
distant monolayer to a much smaller degree than it did affect lipid mobility
in the adjacent monolayer. Based on these observations we propose a model
which suggests that the coupling between monolayers is due to friction at the
membrane midplane. The interlayer friction coefficient seems to be much
larger than the in-layer friction coefficient which explains the existence of
small nano-domains.
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Intricate networks of signaling cascades regulate cellular development and re-
sponse to environmental factors. within these cascades, the lipid second mes-
senger phosphatidic acid (PA) is an important regulator in all eukaryotes.
Rapid but transient increase of PA levels regulate growth, acclimatization
and survival during development and stress response. Signaling lipids, includ-
ing PA, function by selectively recruiting proteins to the membrane. This facil-
itates either the activation or inhibition of these target proteins. However, the
exact details of phospholipid-mediated stress response mechanisms are still
largely unclear, partially due to the lack of characterized target proteins of PA.
Here we report on characterization of the interaction between various regula-
tory proteins and lipid second messengers by determining their lipid binding
specificity and affinity for PA. Furthermore, to assess relative binding affinity
in variable structural lipid environments, in vitro liposome-binding assays with
liposomes covering a range of lipid compositions are performed. In our binding
studies, phosphatidylethanolamine is utilized to study the role of membrane
curvature and electrostatics in lipid-binding.
Specific attention is given to the electrostatic/hydrogen bond switch model. Hy-
drogen bond formation between basic amino acids and the PA phosphomo-
noester headgroup increases the negative charge of PA and allows for
docking of the protein binding domain. The elucidation of the mechanism be-
hind the binding of proteins to lipid second messengers such as PA will further
develop our understanding of their function in plant growth and stress re-
sponses. This in turn can help in understanding regulation and cell functioning
in numerous organisms.
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Sphingomyelinase, a central enzyme of sphingolipid metabolism, hydrolyses
sphingomyelin to ceramide, which is a potent modulator of membrane proper-
ties. using well-defined mixtures of palmitoyl-oleoyl-phosphatidylcholine
(POPC), sphingomyelin (SM), ceramide (Cer), and cholesterol (Chol), we
mimicked sphingomyelinase activity by gradually replacing sphingomyelin
by ceramide. It is well-known that ceramide induces in such systems a phase
coexistence of La and Lb domains, where SM/Cer pairs preferentially locate
in the gel domains and POPC and Chol enrich in the fluid domains. Our inter-
ests were focused on the effects of SM depletion from and Chol enrichment in
the fluid domains, respectively, and in particular on the effects on ion channel
function. By applying a combination of x-ray diffraction with osmotic stress we
were able to determine the bending rigidities for the coexisting domains, as
well as estimates for the spontaneous curvatures and Gaussian moduli of
curvature. We found a small (2%) changes in bending rigidity, and curvature
modulus, but a significant (46%) drop in spontaneous curvature. In the absence
of cholesterol this drop is somewhat smaller (38%). However, it is way excelled
by the 73% changes in bending rigidity and Gaussian curvature. using a simple
434a Tuesday, February 5, 2013hourglass-shaped model for ion channels, we calculated the resulting changes
in its conformational equilibrium due to a coupling to domain elasticity. In the
absence of cholesterol, we found a significant shift toward open channel states,
while changes were only modest for the cholesterol containing fluid domains.
This indicates a protective role of cholesterol in cellular signaling during sphin-
gomyelinase activity.
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Cholesterol levels in cells are maintained within narrow limits by a network of
proteins that continuously measure cholesterol concentrations and adjust rates
of its synthesis and uptake. The key protein of this network that acts as the mas-
ter cholesterol sensor is Scap, a membrane protein in the endoplasmic reticulum
(ER). The cholesterol concentration in the ER membrane is set at ~5 mole%.
The sensitivity of the Scap sensor is switch-like, allowing for complete shut-
down of cholesterol synthesis and uptake in response to small increases in
ER cholesterol concentration above the 5 mole% set-point.
Our recent studies have shown that the binding of Perfringolysin-O (PFO),
a cholesterol-dependent bacterial toxin, to purified ER membranes also shows
the same switch-like behavior - no binding is seen below 5 mole% cholesterol,
and close to complete binding is seen above 7 mole% cholesterol. This remark-
able correlation suggests that PFO and Scap may sense ER cholesterol through
a common mechanism related to the chemical activity of cholesterol in the ER
membrane. Unfortunately, both Scap and PFO oligomerize in the membrane
which could account for all or part of the sharp threshold-like response. In
our latest studies we have engineered mutant forms of PFO that do not oligo-
merize. The binding of these mutant PFO molecules to model liposomes and
ER membranes shows the same threshold behavior as wild-type PFO. This sug-
gests that the chemical activity of cholesterol in the ER membrane controls its
accessibility to proteins. The chemical activity of ER cholesterol is controlled
by the ER phospholipid composition. This control of cholesterol accessibility is
critical in triggering the recruitment of cholesterol-binding proteins to the
membrane. It also allows us to study the initial cholesterol sensing reaction
in isolation from subsequent oligomerization events.
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The interaction between lipid bilayers and membrane proteins plays an impor-
tant role in the functionality of GPCRs such as rhodopsin. During rhodopsin
photoactivation, the photoreactive 11-cis retinylidene chromophore is isomer-
ized to an all-trans state attaining an equilibrium between the MetaI and MetaII
states. Lipid bilayer interaction with rhodopsin during its photoactivation pro-
cess is explained using the flexible surface model (FSM). The FSM describes
the elastic coupling of membrane lipids to integral membrane proteins through
a balance of curvature and hydrophobic forces in lipid-protein interactions [1].
The FSM predicts a shift of the MetaI-MetaII equilibrium towards the activated
MetaII state for unsaturated phosphatidylcholines with an increase in acyl chain
length [1] or temperature. using UV-visible spectroscopy, we test the FSM by
evaluating how the MetaI-MetaII equilibrium and thermodynamic parameters
are influenced by a change in membrane environment. Absorption wavelength
maxima at 485 nm and 380 nm correspond to the MetaI and MetaII states (in-
active and active MetaII-Hþ), respectively. Accurate results are obtained by
using the Rayleigh-Gans approximation to Mie scattering to compensate for
light scattering in the UV-visible spectra. We determine effects of the type
of head group, lipid to protein ratio, acyl chain length, and temperature on
the MetaI-MetaII equilibrium by comparing pH titration curves for reconsti-
tuted rhodopsin in different lipid bilayers to those for native disk membranes
[2,3]. The thermodynamic parameters are obtained for this equilibrium by fit-
ting a modified phenomenological Henderson-Hasselbalch function [2] to the
pH titration curves. These thermodynamic parameters illustrate how free en-
ergy drives the structural changes in rhodopsin upon photoactivation and can
be used to model other GPCRs.
[1] A.V. Botelho et al. (2006) BJ91, 4464-4477.
[2] M. Mahalingam et al. (2008) PNAS105, 17795-17800.
[3] E. Zaitseva et al. (2010) JACS132, 4815-4821.Calcium Fluxes, Sparks, & Waves I
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Triggered Ca2þ waves develop during rapid pacing in atrial myocytes and are
therefore likely to contribute to action potential (AP) duration, thus establishing
repolarization gradients and causing reentry. The goal of this study was to in-
vestigate how Ca2þ wave properties are altered in heart failure (HF). Myocytes
were isolated from the left atrium of dogs paced rapidly for 5-6 weeks and Ca2þ
cycling was studied during rapid pacing using rhod-2AM and confocal micro-
scopy (37oC). In control myocytes, the incidence of triggered Ca2þ waves
increased with pacing rate and this frequency dependence was shifted to slower
rates in HF myocytes. The increase in wave frequency was directly related to
the increase in diastolic [Ca2þ] with increasing rate, which was exaggerated
in HF myocytes. Propagation velocity and distance (percent of cell length)
also decreased in HF and there was a shift in the distribution of propagation dis-
tance to more short waves and fewer long waves. A low concentration of caf-
feine (0.5mM, to increase RyR Ca2þ sensitivity) abolished triggered waves and
restored normal Ca2þ transients even at high pacing rates. We conclude that 1)
triggered Ca2þ wave frequency is increased in HF despite decreased propaga-
tion distance and velocity, 2) wave incidence in HF may be related to a greater
sensitivity to the rate-induced rise in diastolic [Ca2þ], and 3) the fact that low
[caffeine] abolished waves and restored normal Ca2þ transients, suggests that
triggered waves occur as a result of a reduced sensitivity of SR Ca2þ release
to trigger Ca2þ influx. This form of aberrant Ca2þ cycling during the AP
may affect the beat-to-beat regulation of AP duration, which may contribute
to establishing the substrate for reentrant arrhythmias by formation of repolar-
ization gradients, especially in the setting of HF.
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Angiotensin II (ATII) is associated with cardiac remodeling, heart failure and
arrhythmias. In cardiomyocytes (CM), ATII signaling involves IP3- and DAG-
dependent pathways and results in increased diastolic Ca release from the sar-
coplasmic reticulum (SR). Recent evidence suggests that TRPC3 channels and
NCX may also be regulated by ATII contributing to arrhythmogenity. We in-
vestigated the mechanisms of Ca-mediated cellular arrhythmias induced by
ATII. In CM from murine or human non-failing left ventricle, [Ca] transients
(Fluo4-AM) during 1 Hz, as well as SR Ca load (caffeine), SR Ca leak (Ca
spark frequency,SparkF) and arrhythmic action potentials (arrAP, as non-
stimulated synchronized Ca release) were visualized confocally. Action poten-
tials (AP) were recorded in a subset of cells. ATII (100 nM,20 min), IP3-
inhibitor 2-ABP, TRPC3-inhibitor Pyr3, or Na/K-pump inhibitor ouabain
(100 nM) were used in parallel experiments. In mouse CM ATII increased
the [Ca] transient amplitude (F/F0: 4.150.3 vs. 2.750.2 in CTRL). ATII
also induced Ca sparks (SparkF (s-1*pL-1): 277528 vs. 48520) and arrhAP
(0.7750.12 vs. 0.0350.01 p<0.05) despite unchanged SR [Ca]. Interestingly,
ATII induced significantly more arrhAP than ouabain at comparable SparkF.
ATII increased AP duration from 5356 to 92534 ms (APD90; P=0.1). 2-
APB significantly reduced ATII -induced Ca sparks and arrhAP. In CM
matched for SparkF, ATII-induced arrAP were significantly reduced with
Pyr3.ATII induced redistribution of TRPC3 to the sarcolemmal membrane.
In human non-failing CM, Pyr3 also reduced ATII-induced arrhythmogeneity.-
Conclusion: ATII facilitates Ca-dependent arrhythmias by mechanisms beyond
an increase in SR Ca leak in mouse and human CM. Sarcolemmal TRPC3-
channels may modulate the arrhythmogenity of diastolic SR Ca release in the
presence of ATII.
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